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(57) Abstract 

The locations of a plurality of devices (12a-12g)are tracked 
using a network (14) of communication links (16a-16d), each 
of which corresponds to a location. Each device (12a-12g) is 
given a tag (16a-16d) that identifies the device (12a-12g) with 
respect to other devices (12a-12g) and that is connectable to 
a communication link (16a-16d) when the device (12a-12g) is 
disposed at the location to which the link (16a-16d) corresponds. 
Each tag (30a-30g) that is connected to each communication link 
(16a-16d) is detected, and the location of each device (12a-12g) is 
determined based on the detection. One feature of the technique 
is additionally determining the conditions of the devices (12a- 
12g) by correlating one or more communication links (16a-16d) 
with conditions. The technique is simple to use and highly 
effective technique in tracking devices (12a-12g) stored at various 
locations throughout a facility. Device (12a-12g) location and 
condition are monitored continuously, thereby reducing the risjc 
that the removal of a device (12a-12g) from storage (18) will go 
undetected. 
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MANAGING AN INVENTORY OF DEVICES 
Background of the Invention 
This invention relates to managing an inventory of 
5 portable devices, and more particularly to tracking the 
locations of devices that are stored in various areas 
(such as rooms) throughout a facility and determining the 
conditions of the devices. 

Portable devices are used by many different types 
10 of facilities. Hospitals, for example, use large numbers 
of portable patient care devices (such as pacemakers, 
vital signs monitors, and fluid infusion pumps). When 
the devices are not in use, they are typically placed in 
one of numerous storage areas (e.g., storerooms) 
15 distributed throughout the hospital until they are needed 
again. Hospital personnel should be able to rapidly 
determine where the devices are stored, as well as the 
number of devices that are available for use, both to 
ensure adequate patient care and to efficiently manage 
20 the inventory of devices. 

One way of monitoring the locations of the stored 
devices is to track the devices manually as they are 
placed in, and later removed from, the storage areas. 
The conditions of the devices (e.g., ready for use, 
25 repair needed, cleaning required, etc.) are indicated by 
affixing tag to them that have a characteristic (such as 
color) indicative of the condition, and making a like 
entry in the manual tracking system. 

The typical manual inventory management schemes 
30 rely on personnel to deliver and retrieve devices brc Uly 
distributed throughout the building. Lack of a mechanism 
to locate the devices in use or in temporary storage 
requires hard-to-implement policies that result in room- 
to-room searches to locate the devices. As a result, 
35 inventories of the devices often are expanded to meet the 
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needs of the facility, and users may resort to hording 
the devices to assure their availability. 

Some manufacturing facilities track locations of 
portable equipment on a factory floor by placing 
5 transmitters (e.g., infrared emitters or RP tags) on the 
devices, and positioning receivers at several locations 
around the floor. The signal sent by each transmitter 
includes a unique code that identifies the device f and 
the position of the device is determined based on 

10 characteristics (e.g., strength or phase) of that signal 
as received by one or more receivers. 

Summary of the Invention 
This invention provides an efficient, simple to 
use and highly effective technique for tracking devices 

15 stored at various locations throughout a facility. 

Device location (and, if desired, condition) is monitored 
continuously, thereby reducing the risk that the removal 
of a device from storage (and placement of the device in 
another location) will go undetected. 

20 In one general aspect of this concept, a network 

of communication links each of which corresponds to a 
location is provided, and each device is given a tag that 
identifies the device with respect to other devices and 
that is connectable to a communication link when the 

25 device is disposed at the location to which the link 

corresponds; each tag that is connected to each 

communication link is detected, and the location of each 

device is determined based on the detection. 

Preferred embodiments include the following 
3 0 features. 

Each one of at least some communication links also 
correspond to device conditions (such as "ready for use," 
"in need of cleaning," and "in need of repair"). Each ' 
tag that is connected to those communication links is 
35 detected, and the conditions of the devices identified by 
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the tags are determined based on the detection. At least 
two of such communication links are assigned to a single 
location. 

Data that includes an address is stored in a 
5 memory of each tag that identifies the device with which 
the tag is associated. The data is read as part of 
determining the location of the device. The memory may 
also s' re information (e.g., maintenance information) 
associated with the device. This information can be 
10 written to the memory from other equipment (such as a 
computer) on the network, or from the device itself. 

Multiple tags may be (and preferably are) 
connected to a link for detection. All devices that are 
disposed in the location to which the link corresponds 
15 are identified by reading the stored data of the multiple 
tags on the link. 

A tag is connected to its device so that a user 
can place the device near a link at one of the locations 
and connect the tag to che link. In one embodiment, the 
20 tag is tethered to the device by a cord; in another 
embodiment, the tag is mounted directly to the device. 

The tags are detected by monitoring each of the 
communication links for activity thereon by one or more 
of the tags. Activity includes a user connecting a tag 
25 to a link (a "connection event") or disconnecting a tag 
from a link (a "disconnection event"). The link is 
monitored in successive cycles; a connection event or a 
disconnection event is determined to be valid only if the 
event is detected in a selected number of successive 
30 cycles. Moreover, a connection event is determined to be 
valid only if the associated tag remains connected for a 
selected amount of time; likewise, disconnection events 
are valid only if the associated tag remains disconnected 
for a selected amount of time. 
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Monitoring is performed continuously for each 
link. This allows for essentially immediate detection of 
connection and disconnection events, thereby greatly 
enhancing the accuracy with which devices are tracked. 
5 Moreover , continuous monitoring allows the location of a 
device whose tag is connected to the network to be known 
at all times. This is in stark contrast to tracking 
schemes that use bar code readers or the like, which 
monitor device location only at the moment that the 
10 reader senses the bar code and thus rely on the user to 
employ the bar code reader each time the device is moved, 
and thus are highly reliant on the diligence of the users 
to accurately track device location. 

Moreover, the continuous monitoring allows the 
15 system to recover rapidly from environmental failures 

such as power outages. Upon power-up, all tags connected 

to network communication links are quickly reread 

without the need for user intervention. Accordingly, 
information as to the locations and conditions of the 
20 devices is rapidly recovered. As a result, the invention 
is more fault tolerant than schemes (such as bar code 
reader approaches) that rely on users to manually scan 
the devices to record their locations. 

One or more nodes are provided on the network, 
25 each for serving a set of communications links. Each 
node detects the tag or tags connected to its set of 
communication links, and the locations (and conditions) 
of the devices identified by the tags are determined 
based on this detection.' it is particularly useful in 
30 this system configuration to assign at least some of the 
set of communication links of each node to a single 
location (such as a storeroom) . Each such communication 
link is further assigned to a device condition, one or 
more of the links can be assigned to the same condition. 
35 Among other advantages, this allows the devices to be 
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tracked at a high level of granularity (e.g., location 
plus condition) , thereby providing another level of 
information for inventory control. Moreover, the use of 
nodes allows the device monitoring capacity of a storage 
5 area (such as a materials management department) to be 
increased as necessary, simply by adding nodes and 
communication links to the network and assigning them to 
the storage area. 

The communication links can be assigned to arr many 

10 or few rooms in the hospital as desired. One possibility 
is providing a network communication link for each of the 
various hospital storerooms. Because the vast majority 
of the device inventory is placed in a storeroom at 
regular intervals, monitoring devices in the storerooms 

15 provides accurate inventory management (i.e., without the 
need to monitor every room in the hospital — although 
this certainly may be done, if desired) . 

A stored database contains information that 
relates each device to its determined location and 

20 condition. Reports of the locations and conditions of 
one or more selected devices are generated using the 
database information. Reports are transmitted over a 
branch of the network for use by other equipment that 
communicate on the network. Examples of this equipment 

25 include computers for displaying the reports, printers 
for printing the reports, and facsimile equipment for 
faxing reports to selected destinations. 

Network computers can also send messages that 
contain at least some of the information in the reports 

30 to a user. This may be done by telephone or by pager. 

Device inventory can be managed in numerous ways 
according to the invention. For example, the database 
information is used to determine the quantities of 
selected types of devices that are stored in selected 
35 locations. A user is notified if the quantity of a 
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selected type of device falls below a threshold (called a 
par level) , or if a quantity of a selected type of device 
exceeds a threshold , or if a particular device is 
detected on the network. 
5 Users access the database to obtain information 

about the location and condition of a selected one or 
more of said devices. In one embodiment, access is 
provided by telephone. 

A variety of techniques are provided for allowing 
10 multiple tags to be connected to a communication link. 
In one approach, the link includes a connector that 
allows multiple tags to be connected to it; in another, a 
series of connectors — each for receiving a single tag - 
- are associated with the communication link. 
15 In one embodiment, at least one of the device 

locations includes a shelf having at least one opening 
therein, and at least one communication link is 
electrically coupled to an electrically conductive member 
(e.g., a metal sheet) disposed below the opening. At 
20 least one of the devices is equipped with a spring-loaded 
plunger which is urged through the opening and into 
engagement with the sheet when the device is placed on 
the shelf to electrically connect the tag of the device 
to the communication link. Among other advantages, this 
25 feature combines the steps of placing the device on the 
shelf and connecting the tag to the network, thereby 
further ensuring accurate tracking. 

The plunger is configured to retract when the 
device is placed on a solid surface (thereby not 
3 0 interfering with the normal use of the device) . The 
communication link includes two wires, one connected to 
the sheet, the other connected to the shelf. An 
electrically conductive footing is provided on the device 
to connect the tag to the shelf (and hence to the second 
35 wire). 
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The invention drastically reduces the burden of 
tracking and managing large inventories of devices 
compared with manual schemes and techniques which use bar 
code or other readers to register the movement of devices 
5 from one location to another. The tags are convenient to 
use, requiring only that the user perform a simple action 
to connect a tag to a communication link (for example, 
the user slides the tag into a connector on the link) . 
Disconnection is equally simple — the user merely pulls 
10 the tag out of the connector. As a result, the tracking 
system is highly user- friendly , thereby leading to a high 
rate of compliance by device users and thus highly 
accurate device tracking. 

Moreover, the ease with which the tags are 
15 connected to and disconnected from the links greatly 

reduces the risk of error compared with bar code readers 
and the like, which require that the user carefully pass 
the reader over the code for accurate reading. This 
feature also enhances the reliability and accuracy of the 
20 tracking system of the invention. 

The tags are also rugged (e.g., they contain no 
moving parts, crystal oscillators, or the like) and, in 
preferred embodiments, do not require their own power 
supply (e.g., a battery) to operate. Thus, the tags can 
25 reliably operate for long periods of time in a hospital 
environment without failing. Besides being easier to 
use, the tags are also relatively inexpensive compared 
with equipment used in other tracking techniques (such as 
infrared and RF locating schemes, and bar-code reading 
30 approaches) . 

Other features and advantages of the invention 
will become apparent from the following detailed 
description, and from the claims. 
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Brief Description of the Drawing 
Fig. 1 is a functional block diagram of a system 
for tracking the locations and conditions of devices 
connected on a network of communication links. 
5 Fig. 2 shows the organization of a tag memory. 

Figs. 3 and 4 illustrate the connection of a 
portable device to the network via the attachment of a 
tag tethered to the device to a communication link. 
Fig. 5 is a perspective view of one of the 
10 locations (a storeroom), with various devices stored on 
shelves having tags connected to a communication link of 
the network. 

Fig. 6 shows details of a node of the network and 
its connection to multiple tags via communication links. 
15 Fi 9* 7 shows an event queue maintained by a node. 

Fig. 8 illustrates the organization of messages 
sent by a node to a data access computer over the 
network. 

Fig. 9 is an activity file stored on the network. 
2 0 Figs. 10-16 , 18, and 19 show databases maintained 

by a data management computer on the network. 

Fig. 17 is a functional block diagram of computers 
connected on the network. 

Fig. 20 is a floor inventory report. 
25 Figs. 21-26 show alternative techniques for 

connecting tags to a communication link. 

Fig. 27 shows an alternative connection between a 
tag and a device. 

Description of thft Prefer^ T^ bodimpn^ 
30 Referring to Fig. i, a system 10 is shown for 

managing an inventory of multiple portable devices 12a- 
12g (designated generally as 12) in a hospital by 
determining the locations and conditions of devices 12 on 
a network 14 of communication links, designated generally 
35 as 16, in a manner to be described. 
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Each communication link 16 corresponds to a 
location in the hospital. For example, communication 
links 16a, 16b, 16c are assigned to a storeroom 18, while 
communication link I6d corresponds to a patient room 20. 
5 Some communication links (such as links 16a, 16b, and 
16c) also correspond to various conditions of devices 12 
stored in room 18. For example, communication link 16a 
is associated with a storeroom area 22 in which devices 
12 that are ready for use are placed. Devices to be 
10 cleaned or repaired are disposed in other storeroom areas 
24, 26, each of which is assigned a communication link 
16b, 16c. Areas 24, 26, 28 are, for example, different 
shelves or sets of shelves in storeroom 18. Simply put, 
one or more communication links 16 are assigned to every 
15 room or other area in the hospital at which devices 12 
are likely to be stored or used to allow system 10 to 
track the locations and/or the conditions of the 
hospital's entire inventory of portable devices 12, as 
explained in detail below. 
20 Network 14 also includes a set of nodes 28a, 28b 

(designated generally as 28) which serve as interfaces 
for communications links 16. Some nodes, such as node 
28a, are associated with a single location (e.g., 
storeroom 18), while other nodes (for example, node 28b) 
25 serve multiple locations (such as patient room 20 and 
other rooms). Each node 28 includes a set of four ports 
29i-29 4 (referred to generally as 29) , each of which is 
connected to a single communication link 16 (and thus 
assigned to the same location as the link) . For example 
30 communication links 16a-16c are connected to ports 29,-29 
of node 28a, while port 29 a of node 28b receives ' " 

communication link I6d. Nodes 28 should be disposed so 
that excessively long communication links 16 are not 
required. Thus, some nodes 28a are physically located 
35 within a room in which devices 12 are disposed (e.g 
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node 28a), while others (e.g., node 28b) are disposed 
outside of the room or rooms that they serve. 

One storeroom 18 and a single patient room 20 are 
shown for ease of illustration. Of course, a typical 
5 hospital includes numerous other storerooms 18, patient 
rooms 20, and other areas (such as a biomedical 
engineering department and central supply area) in which 
devices 12 are located. In addition, although only seven 
devices 12a-12g are specifically shown, it will be 
10 readily apparent that a hospital typically includes many 
more devices 12. (For example, a 1000 bed hospital may 
have 5000 or so devices 12.) 

Referring also to Figs. 2-4, every device 12 that 
is to be tracked (e.g., devices 12a-12g) is equipped with 
15 a corresponding electronic tag 30a-30g (designated 

generally as 30) that uniquely identifies the device 12. 
Tag 3 0 is an electronic data label or carrier, also known 
as a "touch memory" manufactured by Dallas Semiconductor 
Corporation of Dallas, Texas (part number DS1990A) . Tag 
20 3 0 includes an integrated circuit .memory 32 disposed 
within a metal housing 34. A unique data structure 36 
that includes a forty-eight bit tag address 38, an eight 
bit CRC code, and an eight bit family code is laser 
etched in memory 32 during manufacturing. Memory 32 is 
25 accessed for reading via a pair of data ports 40, 42 that 
are electrically connected to the upper and lower metal 
surfaces of housing 34. 

Tag 30 is relatively small and unobtrusive 
(approximately the diameter of a dime) and yet is quite 
30 rugged. Housing 34 is press fit onto one end of a 
plastic card 44 (using a small retaining ring, not 
separately shown, available from Dallas Semiconductor), 
the opposite end of which is glued or otherwise attached 
to a device 12 by a tether 46 (e.g., an 18" steel cord). 
35 It will thus be appreciated that tether 46 provides a 
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simple, yet rugged connection of tag 3 0 to device 12. 
The connection is entirely non-electrical — that is, 
device 12 need not be modified or include electrical 
circuitry adapted to accept cag 30. Thus, virtually any 
5 device 12 can be equipped with a tag 30. Examples of 
such devices 12 in a hospital setting include patient 
care devices such as infusion pumps, vital signs 
monitors, sequential compression devices, pacemakers, and 
EKG machines, as well as other types of devices (e.g. , 
10 electric blankets) . Moreover, purely mech: deal devices, 
such as wheelchairs and carts for carrying bulky patient 
care devices, can be fastened to a tag 30 with a tether 
46 and card 44. 

The communication links 16 which extend from each 
15 node 28 provide electrical connections between node ports 
29 and the tags 30 of devices 12 located in rooms 18, 20 
to which the node is assigned. As discussed in detail 
below, each node 28 determines which devices 12 are 
disposed in its assigned room 18, 20 by reading data 
20 structures 3 6 of all tags 30 connected thereto by 
communication links 16. 

Each node 28 determines which communication link 
16 any given tag 30 is connected to by detecting the port 
29 on which data structure 36 is read. Thus, nodes 28 
25 can group devices 12 based on the ports 29 r 29 4 to which 
the device tags 30 are connected. A particularly useful 
implementation of this feature is to associate each port 
29 1 -29 4 with a different condition (or status) that 
devices 12 may have. For example, port 29, of node 28a 
30 is assigned to devices 12 located in storeroom 18 that 
are ready for use, port 29 2 is designated for devices 12 
that are in need of cleaning, and port 29 3 is associated 
with devices that require repair. (Port 29 4 of node 28a 
is shown as unused, but it will be appreciated that this 
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port may be connected by a communication link 16 to 
another area in storeroom 18 , or to another room.) 

Referring also to Fig. 5 and as noted above , 
storeroom 20 is subdivided into areas 22 , 24, 26 that 
5 correspond to the different device conditions and which 
include one or more shelves for devices 12. 
Communication links 16a-16c are physically wired to the 
areas 22, 24, 26 that they serve, and are equipped with 
connectors 50 located on or near the shelves for 
10 receiving tags 30 (e.g., on the fronts of the shelves, as 
shown — alternative placements include the bottoms of 
the shelves, above the shelves, or on the wall behind the 
shelves) . 

Rooms in which devices 12 typically do not have 
15 different conditions that need to be detected (such as 
patient room 20) generally include only a single 
communication link (e.g., link 16d) connected to a port 
(e.g., port 29 x ) of the room's node (e.g., node 28b). 
Connector 50 for link 16d is located within easy reach of 
20 the user, typically on a wall near the bedside. 

Figs. 3 and 4 show connector 50 and its engagement 
with a tag 30 in detail. Connector 50 includes an 
elongated plastic body 52 of sufficient length to receive 
several, e.g., thirty tags 30. Body 52 includes an 
25 elongated, resilient clip 54 for capturing tag housing 34 
against a rigid base 56. A channel 58 and a lip 59 on 
the underside of clip 54 help maintain housing 34 in 
place within body 52. 

Each link 16 includes a shielded pair of wires 60, 
30 62 (e.g., shielded telephone wire can be used for link 
16) . one wire 60 is electrically connected to a metal 
rod 64 that extends along the length of body 52 within 
channel 58. The other wire 62 is secured to a thin 
resilient metal strip 66 that extends parallel to rod 64 
35 along the upper surface of base 56. An elongated foam 



WO 95/12858 



PCT/US94/12513 



- 13 - 



band 68 is positioned in a channel 70 beneath metal strip 
66 to resiliently urge strip 66 toward rod 64. 

A user connects a tag 30 to a connector 50 by 
sliding card 44 into body 52 (vertically downward, in 
5 Fig. 5), with tag housing 34 facing clip 54. The height 
of housing 34 urges clip 54 away from base, allowing tag 
30 to pass into body 52 until housing 34 fully enters 
channel 58. When this occurs, clip 54 snaps back to its 
original position, thereby seating housing 34 within 
10 channel 58 and behind lip 59. This provides a positive 
indication to the user that tag 30 has been properly 
inserted in connector 50. As is apparent from Fig. 3, 
the configuration of clip 54 and channel 58 prevents 
housing 34 from seating within body 52 if the user 
15 improperly inserts card 44 with tag housing 34 facing 
toward base 56, thereby helping to avoid improper 
insertion. A tag 30 is removed from connector 50 simply 
by pulling card 44 away from body 52. Housing 34 urges 
lip 59 away from base 56 as it slides out of channel 58. 
20 when tag 30 is properly inserted in connector 50, 

memory 32 is securely and continuously connected across 
wires 60, 62 of communication link 16. That is, proper 
connection of tag 30 causes the upper surface of housing 
34 (which serves as memory data port 40) to be secured 
25 against rod 64, and causes the lower surface of housing 
34 (i.e., ground port 42' of memory 32) to be urged 
against strip 66. As will be apparent, when multiple 
tags 50 are inserted in connector 50, their tag memories 
32 are connected in parallel across wires 60, 62. As a 
30 result, node 28 can continuor. y read data structures 36 
of tags 30 (and hence identify devices 12) connected 
thereto via communication links 16 and port 29 as 
discussed in detail below. That is, node 28 continuously 
monitors the connection state of all tags 30 on a 
35 communication link 16 and detects changes in the 
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connection state of tags 30. Moreover, if power is lost, 
node 28 rereads all data structures 36 connected to its 
links 16 when power is restored, thereby assuring that no 
connection information is lost. 
5 Thus, referring again to Fig. 1, a user who places 

a device 12 in any room 18, 20 need do no more than place 
device 12 in the appropriate area (such as on "ready" 
shelf 22 in storeroom 18 or on an IV post in patient room 
20) and insert tethered tag 30 into connector 50. 
10 Transparently to the user, node 28 assigned to the room 
reads data structures 36 and correlates it with the 
identity of the port 29 on which data structure 36 is 
read. Nodes 28 report this information to data access 
computers 80 (only two of which, 80a, 80b, are shown) on 
15 network 14, which in turn forward the information to a 
data management computer 82. Data management computer 82 
maintains databases on all locations (and, where 
applicable, the conditions) of devices 12. The databases 
are accessible by users (e.g., hospital personnel) at 
20 data access computers 80 (and at other points on network 
14), and thus serve as highly valuable tools for 
assisting hospital personnel in locating stored devices 
12 and managing the inventory of devices 12. The 
databases are implemented using the Microsoft Foxpro 2.5 
25 Database Management System for MS-DOS. 

Referring to Fig. 6, each node 28 (node 28a is 
shown) includes a processor 90 (a Dallas Semiconductor 
DS2250T, which is comprised of a DS5000T processor 
mounted on printed circuit board with a memory and a 
real-time clock) for communicating with ports 29 2 -29 4 
The data wire 60 (Figs. 3, 4) of each link 16 is 
connected to a port 29 (the ground wires of links 16 are 
coupled to a common ground, not shown). Data read from 
communication links 16 is passed by a four channel 
receiver (R) 92 (which includes a comparator, not shown 
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for noise rejection) to processor 90. Processor 90 sends 
commands and data to communication links 16 via a four 
channel driver transmitter (T) 94 , connected in parallel 
with receiver 92. Ports 29 a -29 4 are pulled-up to a 
5 reference potential through a set of pull-up resistors 
(not shown) . Timing for processor 90 is supplied by a 
14.745 MHz clock 91. 

Processor 90 communicates with data access 
computer 80a (Fig. 1) over a branch 93 of network 14. 
10 Branches 93 are shielded, two conductor wire, such as 
shielded twisted pair wire. The communication protocol 
is discussed below. Note, however, that the protocol 
used is a function of the distance between node 28 and 
data access computer 80a. Typically, to provide good 
15 quality communication over distances of 100 feet, the RS- 
422 or RS-485 standards could be used. The Dallas 
DS2250T communicates using an embedded serial port, and 
thus an RS-232 or RS-422 converter (not shown) may be 
inserted in branch 93. 
20 Processor 90 communicates over data wires 60 of 

communication links 16 using a so-called "one wire 
protocol" and employs a "divide and conquer" procedure to 
read data structures 36 of all tags 30 connected to each 
link 16. When processor 90 is brought on line (e.g., 
25 either initially powered up or restored with power after 
a power failure) a reset circuit 96 triggers processor 90 
to initiate a search procedure to read, bit-by-bit, data 
structures 36 of all tags 30 coupled to each port 29. 
The search procedure is described in detail in Book of PS 
30 199x Touch M ^°*T Standards by Dallas semiconductor 
(1992), incorporated herein by reference (see, in 
particular, Chapters l, 4, and 5), and thus will not be 
described further here. Suffice it to say that processor 
90 performs the divide and conquer procedure by 
35 performing a series of read and write operations on 
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communication links. 16. Processor 90 can derive the data 
structure 36 of each tag 30 in approximately 12.96 
milliseconds using this procedure, and thus can, in 
theory, identify more than 75 different devices per 
5 second. 

Processor 90 performs the divide and conquer 
algorithm simultaneously for all ports 29. For a given 
port (e.g. port 29-^, processor 90 identifies one data 
structure 36 connected to that port 29 x during each 

10 search pass of the divide and conquer algorithm. 

Processor 90 continuously performs search passes until 
all N devices that are connected to a given port are 
identified. The process of identifying all N devices is 
called a search cycle. 

15 Processor 90 employs various techniques to avoid 

mistaking noise and other spurious conditions on 
communication link 16 as a connection or disconnection of 
a tag 30. For example, a tag 30 is considered to be 
connected to a link 16 only if processor 90 identifies 

20 data structure 36 of that tag 30 during two consecutive 
search cycles and if data structure 36 is present on link 
16 for a minimum period of time (such as 500 milliseconds 
after the connection is initially detected). Likewise, a 
tag 30 that has been attached to a link 16 is recognized 

25 by processor as being removed from link 16 only if data 
structure 36 of that tag 30 is not identified during two 
consecutive search cycles and for some minimum period of 
time (such as 2.5 seconds after the completion of the 
search cycle during which the disconnection is first 

30 detected) . in either case, if the minimum time period 
has not expired after the second cycle, additional cycles 
are performed before the connect/disconnect event is 
deemed valid. 

Processor 90 maintains, for each port 29 x -29 4 , a 
3 5 binary tree that identifies data structures 3 6 of all 
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tags 30 connected to that port. The binary trees are 
stored in a RAM portion of memory 102 (the ROM portion of 
memory 102 stores the operating program for processor 
90) - When a tag 30 is recognized as being attached to a 
5 communication link 16, processor 90 adds data structure 
36 of that tag to the corresponding binary tree. 
Likewise, when processor 90 detects that a tag 30 has 
been removed from a link 16, it deletes data structure 36 
of that tag 30 from the appropriate binary tree. Storing 

10 data structures 3 6 in binary trees allows processor 90 to 
efficiently determine when tags 30 are connected or 
disconnected, and thus significantly reduces the time 
needed to perform the search passes and search cycles. 
In the example shown in Fig. 6, upon startup, 

15 processor 90 maintains a binary tree for each port (e.g., 
for ports 29!, 29 2 , 29 3 , and 29 4 ) . (Because no devices 
are connected to port 29 4/ its binary tree is empty.) 
The tree for port 29 x includes data structures 36 of tags 
30a (D100) and 30b (D200) . Only one data structure 36 

20 (D150 of tag 30c) is stored in the binary tree associated 
with port 29 2 ; likewise, the binary tree maintained for 
port 29 3 contains a single data structure, D500, of tag 
30d. 

Referring also to Fig. 7, whenever processor 90 
25 detects an event — e.g., a new connection of a tag 30 to 
a link 16 or a disconnection of a tag 30 from a link 16 - 
- it records the event as an entry 98 in an event queue 
100 (which is stored in the RAM portion of memory 102). 
The data in entries 98 are reported, one at a time, to 
30 data access computer 80a (Fig. 1) via branch 93, as 
described in detail below, in addition, to provide 
feedback to the user that the event has been recognized, 
processor 90 sends a signal to drivers 103 to activate a 
speaker or LED (not shown) positioned adjacent connector 
35 50 (Fig. l) of the link 16 on which the event occurred. 
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The speaker and LED can emit different signals for 
connect and disconnect events. 

Each entry 98 includes data structure 3 6 of the 
tag 30 that caused the event, and a stamp 104 that 
5 identifies the date and time of the event and a code 106 
that identifies the type of event (e.g., "C" for connect, 
"D" for disconnect) . Other link events (such as a short- 
circuit) may also be recorded for maintenance purposes. 

Processor 90 also designates the port 29 at which 

10 the event occurred in a field 108 of entry 98. Each port 
29 in system 10 is assigned a unique identification, 
which processor uses in field 108. For example, ports 
29J-293 of node 28a are assigned port IDs 001, 002, and 
003. Note that with some nodes 28 (such as node 28a), 

15 port identity is also associated with a condition of a 
device 12. Thus, port IDs 001-003 also correspond to the 
"ready," "needs cleaning," and "needs repair" conditions 
discussed above. The conditions are inherent in the port 
IDs in field 108, and thus node 28a does not separately 

20 specify the conditions in entry 98. (As discussed below 
with reference to Fig. 9, the port IDs in field 108 are 
associated with condition code IDs in field 144 of 
activity files 140 maintained by data access computers 
80.) 

25 Fi ?- 7 shows the state of event queue 100 when 

processor 90 performs the reset procedure discussed 
above. Processor 90 determines that tags 30a, 3 0b with 
the data structures D100 and D200 are connected to port 
29j (by communication link 16a) , which corresponds to 

30 "ready" area 22 of storeroom 18. Similarly, processor 90 
detects that tag 30c (address D150) is connected (via 
link 16b) to port 29 2 (which corresponds to "needs 
cleaning" area 24 of storeroom 18). Finally, processor 
90 detects that tag 30d (address D500) is connected to 

35 port 29 3 (which corresponds to "needs repair" area 2 6 of 
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storeroom 18) . Thus, each entry 98 identifies a data 
structure 36 , a location code 108 of "001" and a connect 
("C") event type. In addition, each entry 98 is stamped 
104 with the date and time (e.g., 12/1/93; 12:00) at 
5 which processor 90 has identified data structure 36 

connection activity for the two consecutive search cycles 
and minimum time period discussed above. 

Processor 90 continuously performs search cycles 
for each link 16 and regularly updates the binary trees 

L0 and event queue 100. For example, if another device 12 
is placed on "needs repair" shelf 26 and its tag 30 
connected to communication link 16c, processor 90 
recognizes the connect event two search cycles later. In 
addition to updating the binary tree for port 29 3 , 

15 processor 90 creates a new event entry 98 in queue 100 
that identifies data structures 36, port 29 3 (ID 003), 
condition code "R", and event type "C"; new entry 98 also 
is stamped 104 with the date and time of the connection. 

Conversely, if, for example, device 12a is removed 
:0 from storeroom 18, processor 90 recognizes the 

disconnection of tag 30a from link 16a two search cycles 
later, and creates a new entry 98 in event queue 100 for 
the event. The fields of new entry 98 identify data 
structure 36 (D100), port 29, (ID 001) , condition code 
> "C," the date and time 104, and disconnect (»D») event 
code 106. 

Moreover, if device 12a is subsequently connected 
at another location on network 14, node 28 that is 
interfaced to the communication link 16 associated with 
that location detects the addition of tag 30, in the same 
manner as discussed above. For example, consider that 
device 12a is moved to patient room 20, and tag 30a is 
connected to link I6d. Processor 90 of node 28b detects 
the connect event, updates the binary tree associated 
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with link 16d, and adds an entry in its event queue so 
that the new port ID (and thus location) of device 12a 
can be reported to data access computer 80a over network 
branch 93. 

5 Note that each data access computer 80a, 80b is 

shown connected to only one node 28a, 28b. In practice, 
other nodes 28 which serve as interfaces to other sets of 
communication links 16 are connected via branches 93 to 
each data access computer 80. Moreover, system 10 

10 typically will include other subsystems 116 of 
communication links 16, nodes 28, and data access 
computers 80, as needed to monitor the various 
storerooms, patient rooms, and other locations in the 
hospital. For example, each hospital floor may include 

15 multiple subsystems 116, with data access computers 80 
being placed at nurses stations or other strategic points 
on the floor. Other computers 118 are also connected to 
network 14 for communicating with data access computers 
80 and data management computer 82, as explained below. 

20 The information in event queue 100 is transferred 

to a data access computer 80 using a command/response 
protocol. A data access computer (e.g., computer 80a) 
begins the sequence by sending "event get" command 
messages sequentially to each node 28 at a rate of 

25 approximately once per second. Each event get message 
identifies a single node 28 as the target of the command. 
Each node (e.g., node 28a) responds to an event get 
message targeted to it by returning to data access 
computer 80a a response message that contains information 

30 from one entry 98 of event queue 100. A node 28 sends 
only one response message in reply to an event get 
command, even if several events have been logged in queue 
100 since the previous event get command. The contents 
of event queue 100 are transferred to data access 
35 computer 80a on a first-in-first-out (FIFO) basis. 
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Referring also to Fig, 8, the format of a response 
message 120 is shown. Response message 12 0 includes a 
fixed-length header component 122 and a variable length 
data component 124. Header 122 is twelve bytes long and 
5 includes fields 126 (not separately shown) that identify 
the start of the header, message sequence number, message 
type, the byte length of the data component, and a header 
CRC. Header 122 also includes a field 128 for the 
address of node 28a (the same address found in the event 
10 get command) . Data component 124 is between 0 and 255 
bytes long, and includes data from the entries of the 
next entry 98 in event queue. Tag address 38 (of data 
structure 36) and port ID 108 (Fig. 7) are placed in 
fields 130 and 132. Time/date stamp 104 is sent in field 
15 134, and event type code 106 is placed in field 136. A 
two byte data field CRC (not shown) is also included. 
When data from an entry 98 is packaged in a response 
message and sent to data access computer 80, the entry is 
deleted from queue 100. 
20 Referring also to Fig. 9, data access computers 80 

transfer data 124 from response messages 120 to a text 
file 140 that is stored on network server 83 and shared 
by all data access computers 80. For example, text file 
140 is stored on network server 83 (Fig. l) . Computers 
25 80, 82 exchange messages through network server 83 (as do 
other computers 224, 234 — Fig. 17) using a standard 
(e.g., Ethernet) communications protocol over network 
branches 95 (which are, e.g., coaxial cables). 

Before sending data 124 to text file 140, however, 
30 each data access computer 80 replaces port ID 108 (Figs. ' 
7, 8) with a code 142 that corresponds to the location 
that the port ID represents. Additionally data access 
computer adds a code 144 that corresponds to the 
condition associated with the port ID. Data access 
35 computer 80 maintains a configuration file (Fig. l) that 
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relates port IDs with location codes 142 and condition 
codes 144. 

For example, data access computer 80 uses the 
configuration file to determine that port IDs 001-003 
5 (Fig. 6) all correspond to storeroom 18. The 

configuration file is also used to determine that port ID 
001 is additionally associated with the "ready" 
condition, port ID 002 represents the "needs cleaning" 
condition, and port ID 003 corresponds to the "needs 
10 repair" condition. Like port IDs 108, location codes 142 
all differ from each other, so that each location code 
142 uniquely identifies a single location. For example, 
location code "100" represents storeroom 18, while 
patient room 20 is represented by location code "210." 
15 Condition codes 144 uniquely specify the various device 
conditions that are tracked by system 10. For example, 
code "C" indicates the "ready" condition, code "D" 
designates the "needs cleaning" condition, and the "needs 
repair" condition is denoted by code "R." (Condition 
20 code 144 defaults to the "clean" condition (designated C* 
in Fig. 8) for ports (such as ports 29 of node 28b) that 
do not correspond to a specific device condition.) 

Entries 146 are added to activity file 14 0 in 
chronological order according to the date/ time stamp 104 
25 (Fig. 6) of the event to which entry 146 corresponds. 

The date/time stamp of the event is stored as a field 145 
in entry 146. Also stored as fields of entry 146 are tag 
address 38, the event type code (c or D) , location code 
142, and condition code i44 ~ all of which are supplied 
30 by data access computer 80. 

In the example shown in Fig. 9, the first four 
entries 146 of activity file 140 correspond to entries 98 
in event queue 100 of node 28a. if we assume that as of 
system startup (12:00 on 12/1/93), no other devices 12 
35 are connected to communication links 16, activity file 
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140 contains no other entries 146. If, for example, 
another device 12e is connected to communication link 16d 
in patient room 20 (Fig. 1) an hour later (i.e., at 
13:00), system 10 responds as follows. First, node 28b 
5 detects the addition of tag 30e (which has an address of 
D50) in the manner described above and reports the 
connect event to data access computer 80b (when entry 98 
for this event reaches the top of queue 100) . Data 
access computer 80b determines the location code 142 that 

10 corresponds to patient room 20 (i.e., code "210"), and 
also determines that a condition code 144 is not 
applicable. Data access computer 80b adds an entry 147 
to activity file 140 identifying the new connection. 
Entry 147 includes the event date/ time stamp, tag address 

15 38 (D50) , event type (C) , location code 142 (210), and 
condition code 144 (C*) of the new connection of device 
12e. 

Similarly, if devices 12 f (data structure D300) 
and 12g (data structure D75) are subsequently placed in 

20 patient room 20 and their tags 30f , 30g connected to 

communication link 16d, new entries 148, 149 are added to 
activity file 140 in the manner discussed above. 
Disconnection events are also recorded in activity file 
140. For example, assume that device I2e is subsequently 

25 removed from patient room 20. The disconnection of tag 
30e from communication link 16d is sensed by node 28b and 
reported to data access computer 80b as discussed above. 
Data access computer 80b responds by adding an entry 150 
to activity file 140 that identifies the date and time 

30 (i.e., 12/3/93 at 11:50) of the disconnection, data 

structure D50 that corresponds to device I2e, disconnect 
event code D, location code 210, and condition code 144. 

Data management computer 82 (Fig. i) maintains an 
activity database 160 (Fig. i) the- entries of which 

35 contain the same entries as activity file 140. Data 
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management computer 82 periodically checks activity file 
140 for the presence of event entries 146-150. If one or 
more entries 14 6-150 are found, data management computer 
82 retrieves entries 14 6-150 over network branches 95 and 
5 appends them to activity database 160. Event entries are 
appended to activity database 160 in chronological order 
(based on date/time stamp 104) . Data management computer 
82 also deletes the retrieved event entries from activity 
file 14 0 to ensure that it will find only "new" event 

10 entries the next time that activity file 140 is checked. 
Because activity database 160 is identical in structure 
to file 140 (Fig. 9) , its contents are not shown in a 
separate figure or described in detail here. To avoid 
activity database 160 from becoming excessively large, it 

15 is periodically (such as once daily) downloaded into 
long-term (e.g., disk) memory, not shown. 

Referring to Fig. 10, data management computer 82 
maintains an inventory database 170 for all devices 12 
that are currently in hospital inventory. Database 170 

20 is organized according to tag addresses 38 of data 

structures 36, and includes a single entry 172 for each 
device 12. Each entry 172 identifies location code 142 
(in field 174), condition code 144 (in field 176), 
date/time stamp 104 (in field 178), and event type code 

25 (in field 180) . Data management computer uses the 

contents of activity database 160 to maintain current the 
information stored in fields 174-180. That is, inventory 
database 170 stores up-to-date information about the 
location and condition of each device 12, as well as the 
30 date and time of the most recent network event of that 
device 12 and the type of the event (i.e., connect or 
disconnect) . 

Each entry 172 also includes a field 182 the 
contents of which identify the type of device 12 
35 represented by tag address 38. For example, devices 12a 
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and 12e are two different types of infusion pumps 
(PUMP100 and PUMP200) . Device 12b is a portable monitor 
(PRTMON) . Device 12c is an air compressor with a thigh 
sleeve (ACTHIGH) ; device I2f is another type of air 
5 compressor with a knee sleeve (ACKNEE) . Devices 12d and 
12g are both vital signs monitors (SIGNSMON) . 

Various other fields (identified collectively with 
reference numeral 184) are used to store other 
information about devices 12. For example, fields 184 
10 contain: 

1) a detailed description of the 
device (i.e., "vital signs 
monitor, model XYZ") ; 

2) the manufacturer's name (and, 
15 possibly, address); 

3) the serial number; 

4) date of next scheduled 
maintenance; 

5 ) interval since maintenance was 
20 most recently performed; 

6) the hospital's property control 
number. 

As will be appreciated, activity database 160 and 
inventory database 170 are highly dynamic in that their 

25 contents change often. Data management computer 82 also 
maintains a number of more static databases (denoted 
generally as 190 in Fig. l) that correlate the various 
codes (e.g., location, condition, event type, device 
type, etc.) to text strings for generating inventory 

30 reports and messages to system users, as discussed in 
detail below. 

Figs, n-15 show the various static databases 190. 
Hospxtal location database 191 (Fig. n) re i a tes location 
codes 142 to full text descriptions of the locations. 
35 For example, location code loo is equated to the full 
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name associated with storeroom 18 (such as "White 
Building, 10th Floor"). Similarly, location code 210 is 
related to the full name of patient room 20 (e.g., "Smith 
Building, Room 2302"). 
5 Condition database 192 (Fig. 12) relates condition 

codes 144 (i.e., C, R, D) to textual descriptions of the 
device conditions ("clean," "needs cleaning," "needs 
repair") . As discussed above, additional condition codes 
may be used. For example, links 16 to patient rooms may 

10 be assigned a condition of "in use" (the code 144 for 
which is, say "U") , rather than being defaulted to the 
"clean" condition. 

Fig. 13 shows event type database 193. Entries of 
database 19 3 relate the event type codes (C and D) to a 

15 full text description of the event (e.g., "connect" and 
"disconnect"). If other types of events (such as short 
circuiting of links 16) are to be monitored, codes for 
these events (such as "S") are correlated to a 
description of the event ("short circuit") in database 

20 193. 

As discussed below, one of the reports generated 
by system 10 is an inventory report for an area (such as 
a floor) of the hospital. The report contains such 
information as the types of devices that are expected to 

25 be kept on the floor (e.g., in a storeroom such as 
storeroom 18), the minimum quantity (called a "par 
level") of each type of device that the floor should 
have, and the optimum quantity of each type of device. 
Par level database 194 (Fig. 14) relates various hospital 

30 locations to device types and the par and optimum 
quantities of each device type. Each entry 195 of 
database 194 contains fields for location code 142, 
device type (the same kind of information that is stored 
in field 182 of inventory database 170), par quantity, 

35 and optimum quantity. 
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Note that because each floor will often stock 
several types of devices 12, par level database 194 
includes multiple entries 195 for each such location. 
For example, database 194 includes three records 195 for 
5 location code 100 (storeroom A) — one for each type of 
device that personnel expect to have available on this 
floor. The par quantity and optimum quantity of each 
device type are stored in record 195 for that device 
type. 

10 The device types found in inventory database 170 

and par level database 194 are relatively short 
designations of each kind of device. Each device type is 
related to a full description of that device in device 
database 196 (Fig. 15). For example, the device type 

15 "SIGNSMON" is seen to be a "Vital Signs Monitor." 

Referring to Fig. 16, data management computer 82 
also creates and maintains a floor inventory database 200 
based on the contents of inventory database 170 (Fig. 10) 
and static databases 190. Floor inventory database 2 00 

20 is essentially a temporary file used by computer 82 to 
generate reports and check par levels (and produce 
warning messages if the number of available devices for a 
given floor fall below par level). Floor inventory 
database 200 contains one or more entries 202 for each 

25 type of device that is expected to be maintained at a 

location. Thus, there typically are multiple entries 202 
for each location. Entries 202 for storeroom 18 
(location code 100) are shown in Fig. 9. It will be 
appreciated that floor inventory database 200 contains 

30 many more than the few entries shown. 

Each entry 202 includes a field that indicates a 
device type (e.g., "BOOT"). For each device type, other 
fields of entry 202 designate the number of clean 
devices, the par level, the optimum level, the number of 

35 devices that are dirty (i.e., » need cleaningn) # and ^ 
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number of devices that are broken (i.e., "need repair"). 
It will be appreciated that data management computer 
calculates these numbers based on the information 
contained in inventory database 170. Each entry 2 02 also 
5 includes a message field 2 04 containing a textual message 
206 (e.g., "WARNING") that is reported or displayed to 
the user when the number of clean devices falls below the 
par level. The use of messages 206 is discussed below. 

Referring to Fig. 17, several other computers and 

10 peripheral devices are linked to network 14 allow the 
database information maintained by data management 
computer 80 to be accessed throughout the hospital and 
from outside of the hospital (by authorized users) . That 
is, network 14 forms part of a hospital-wide information 

15 network (one example of which is discussed in copending 
patent application serial no. 07/932,924, assigned to the 
present assignee and incorporated herein by reference) . 
As discussed below, with user interfaces 220 (such as a 
CRT and keyboard, mouse device, etc.) at data access 

20 computers 80, data management computer 82, or other 
computers 118 linked to network 14, users can generate 
requests for devices 12 or for hospital personnel, and 
can create reports on the inventory of devices on a 
single floor or a number of floors. 

25 Requests and reports can be sent to printers 222 

located anywhere on network 14. in addition, a page/fax 
server computer 224 linked to network 14 allows users to 
page and send requests to hospital personnel equipped 
with pagers 226. Page/fax server 224 also intercepts 

30 messages from data management computer 82 to send textual 
messages 206 (Fig. 15) to a pager 226 when, for example, 
a par level has passed a threshold, or if data management 
computer 82 detects that a selected tag address 38 
(which, of course, uniquely corresponds to a device 12) 
35 has been detected. This latter example illustrates 
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another useful inventory management feature of the 
invention, in which a user can "flag" a selected device 
12 to data management computer 82 by entering the 
corresponding tag address 38 via any user interface 220. 
5 When data management computer 82 detects a connection of 
that tag address 38 in activity file 140 on network 
server 83 , it generates a message on network server 83 
for interception by page/fax server computer 224. 

Page/ fax server computer 224 also sends faxes of 
10 reports to fax machines 228 located in the hospital (such 
as at nurses stations) or to externally-located fax 
machines 230 (e.g., at a vendor of devices or at a repair 
facility) . Faxes of reports can be requested through 
phone request computer 234 by dialing a code (e.g., at 
15 any telephone within the hospital) that designates the 
report and the destination fax telephone number. 
Requests for devices 12 or reports may also be entered by 
a telephone 232 (from either within or outside of the 
hospital) through the use of a phone request computer 234 
20 on network 14 and a modem 23 6. 

Devices 12 that are added to inventory and stored 
(at least initially) in a materials management area of 
the hospital are registered on system 10 using a data 
access computer 80c. Data structures 3 6 of newly-added 
25 devices 12 are read by any suitable input device 240 
capable of reading tags 30 (such as a "touch wand" 
available from Dallas Semiconductor), and connected to 
user interface 220 of data access computer 80c. The user 
enters information about the new device (e.g., name, 
30 manufacturer, serial number, hospital property number, 
etc.) with interface 220. Data access computer 80c 
transfers this information to data management computer 
82, which adds it to inventory database 170. Of course, 
the materials management area is coupled to network 14 by 
35 communications links 16 so that information on the 
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devices stored in this area is available to network 
users. 

One example of a report which a user can create 
identifies the locations of all devices 12 of a certain 
5 type (e.g., air boots). Likewise, the user can create a 
report that identifies all devices 12 that are stored at 
a selected location (such as on the user's floor), or in 
a set of locations (e.g., one or more floors adjacent to 
the user's floor). Reports can be restricted to devices 

10 having a selected condition (e.g., "ready"), or not. 

Likewise, a user who needs, for example, an 
infusion pump, or an infusion pump with a particular 
address 38, but who is unable to locate such a device 12 
in his or her immediate area, can use data management 

15 computer 82 (through user interface 220) for locations of 
such infusion pumps, when tag addresses 38 corresponding 
to those devices 12 are communicated to data management 
computer 82 from a data access computer 80 or other 
networked computer 118. Data management computer 82 can 

20 send a textual message 206 (Fig. 16) to page/ fax server 
computer 224, which will in turn send a message to pager 
226 when any of the designated conditions have occurred. 
The user can restrict the query according to the 
condition of devices 12 (such as "ready"), and can also 

25 limit the query to his or her floor or one or more 

adjacent floors. Computer 80 or 118 either displays the 
report on its CRT (not shown) or prints the report on a 
printer 222. 

Requests are sent over network 14 in much the same 
3 0 way as described above for messages 120. The requests 
are temporarily stored in network server 83 (Fig. l) in a 
shared request file (not shown) that is similar to 
activity file 140. Data management computer 82 
periodically retrieves the requests and erases retrieved 
35 requests from the shared request file. The requests are 
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acted upon in the order in which they are received. 
Alternatively, requests may be handled in order of 
priority (such as "STAT," "LOW," etc.) as assigned by the 
user in the request message. 
5 The use of fax machines 2 28, 230 for reports is 

particularly useful in helping users on each floor keep 
track of locations of devices 12 that have been assigned 
to the floor but that have been loaned to (or borrowed 
by) users on other floors. Data management computer 82 

10 maintains a database (not shown, but similar to location 
database 191) that associates each fax machine 228, 230 
with its location (e.g., floor) and fax number. 
Periodically (such as once per day) , data management 
computer 82 sends a report to each internal fax machine 

15 228 that identifies each device 12 assigned to that floor 
but that data management computer 82 has determined is 
located elsewhere (e.g., on another floor), and lists the 
present off -floor locations of the devices. The on-floor 
users can use this information in any appropriate way. 

20 Telephones 232 enable users to locate devices 12 

from any telephone in the hospital. Data management 
computer 82 maintains a database (not shown, but similar 
to location database 191) that associates each telephone 
number with a location in the hospital. When a user 

25 calls into system 10, phone request computer 234 prompts 
the user to identify the type of device 12 being sought 
using the telephone keypad. For example, the user is 
prompted to enter "l" for an air boot, "2" for an 
infusion pump, "3" for a vital signs monitor, and so 

30 forth. Phone request computer 234 determines the 

extension of the incoming call using keypad entries made 
by the user, and passes this information to data 
management computer 82 via network 14. Data management 
computer 82 determines the location of the nearest 
35 available device 12 of the type the user has requested. 
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Data management computer 82 passes this information back 
to phone request computer 234 which, using a computer 
generated voice message, relays this location to the 
user. (Of course, devices 12 that are in use in a 
5 patient room 20 are not "available" to the calling user, 
and thus data management computer 82 considers only 
storerooms and other holding areas in determining the 
location of the nearest available device 12.) 

In much the same way, the device location, 

10 identification, and condition information stored in 
inventory database 170 can also be accessible by users 
located outside of the hospital via external telephones. 
This enables device vendors and repair facilities (not 
shown) to query data management computer 82 for 

15 information related to the various services that they 
provide. For example, a vendor who rents devices 12 to 
the hospital and charges the hospital based on the amount 
of usage of each device, can differentiate between 
devices 12 being used and devices 12 that are in storage 

20 using the information contained in inventory database 
170. Repair facilities can determine the types and 
quantities of devices 12 that need repair (based on 
condition codes 144) as a basis of coordinating service 
calls to the hospital and readily determining the 

25 locations of devices 12 that need to be removed from the 
hospital for repair. 

The telephone link can also extend to one or more 
other buildings of the hospital (not separately shown) . 
This configuration is particularly advantageous when it 

30 is impractical to physically wire network 14 to the other 
buildings. In this case, each building linked to system 
10 would include a local network similar in configuration 
to network 14. 

Referring to Fig. is, data management computer 82 
35 tracks all requests for devices or personnel (whether 
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sent via pager 226 or displayed, printed, or faxed) and 
all reports (whether displayed, printed, or faxed) in a 
request database 250. Only three entries 252 in database 
250 are shown; typically, many more entries 252 are 
5 listed. Each entry includes a field 254 which stores the 
date and time at which the request is made. The type of 
request is listed in field 256. Examples of request type 
include "report," "device," and "personnel." 

Report requests ask for a report to be generated 
10 and sent to a particular destination. As such, entries 
252 for reports include data in report type field 264, 
priority field 266, and send-to field 268. Several 
different types of reports are possible. One example is 
a floor inventory report (called "floor" in database 
15 250) , described below. Others include reports as to the 
locations and/or conditions of specific types of devices 
12, and global reports (which list the locations and 
conditions of all devices 12). Anther example of a floor 
inventory report is one that identify equipment that has 
20 not been connected to any communication link 16 within a 
designated time frame. Moreover, because the 
disconnection of a tag 30 of a device 12 from a 
communication link 16 of a storeroom indicates that the 
device is in use (e.g., in a patient's room), reports of 
the percentage of time in which certain devices 12 are 
used can be compiled using inventory database 170. 

Send-to field 268 identifies the device on network 
14 that is to receive the report. Reports can be sent to 
the display screen of any networked computer, a printer 
222 (in this example, "printer 05") , or a fax machine 
228, 230. (Data management computer 82 maintains a 
static database 190 (not separately shown) which relates 
the information in send-to field 268 to a full 
description of the printer and its location.) 
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Another type of request is a "device" request 
(illustrated by the second entry 252 in database 250). 
Device requests are sent to individuals to instruct them 
to bring a selected type of device to a specified 
5 location. Thus, entries are made in person ID field 258, 
identifying the person ("820") that is to receive the 
device request, device type field 260, indicating the 
device type requested ("BOOT"), and pager ID field 262, 
identifying the pager of the target individual (e.g., 
10 P18) . The priority of the request (e.g., 2 hours) is 
indicated in field 266. The location to which he or she 
is to bring the device is identified in miscellaneous 
field 270 (such as with a location code 142). The target 
individual acknowledges receipt of the page through user 
15 interface 22 0 of data management computer 82, which 

relays the acknowledgement to the data access computer 80 
from which the request was made. 

A personnel request type is illustrated by the 
third entry 252 in database 250. Person ID field 258 
20 designates the individual being sought (e.g., 1025), and 
his or her pager is identified in field 262 (P21) . The 
priority of the request (in this case, "STAT") is listed 
in field 266. Miscellaneous field 270 identifies the 
location to which the person is to go. 
25 Referring also to Fig. 19, data management 

computer 82 maintains a pager database 280 (i.e., one of 
static databases 190) each entry of which relates each 
person ID to a full description of one individual. For 
example, the person's full name, and also his or her 
30 department is listed. Pager database 280 also correlates 
each pager ID to a complete pager telephone number. 

Data management computer 82 uses the information 
in request database 250, pager database 280 (and other 
databases, as needed) to create a message that is sent 
over network 14 to page/fax server computer 224 (Fig 



35 
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17) . Data management computer converts the information 
in device type field 260 and the message in miscellaneous 
field 270 to a text string (e.g., up to 80 characters in 
length), and includes the string in the page message. 
5 Page/ fax server computer 224 responds by sending the 
message to pager 226 of the target individual. 

Data management computer 82 maintains a log (not 
shown) of all faxes and pages that are sent. Each entry 
in the log lists the person ID of the individual to whom 

10 the fax or page is directed, as well as the date and time 
of the message. In addition, each log entry includes the 
fax or pager number and a text string of the faxed or 
paged information. For pages, the text string is 
identical to the 80 character string sent to the pager. 

15 For faxes, the text string identifies the file that data 
management computer 82 sends to fax server 224. 

Fig. 20 illustrates an example of a floor 
inventory report 290 for White Building, 10th Floor 
(i.e., location code 100). Floor inventory reports may 

20 be requested by a user (in which case the report is 
identified by an entry in request database 250) . In 
addition, data management computer 82 may periodically 
generate floor inventory reports and transmit them over 
network 14 to printers 222 located on the various 

25 hospital floors. 

Floor inventory report 290 identifies 292 the 
subject floor, and includes an entry 294 for each type of 
device 12 that is to be tracked on that floor. Each 
entry 294 lists the full name of the device type (from 

30 database 196) and the quantities of devices that are 
"ready," that "need cleaning," and that "need repair." 
Each entry also identifies the par level and optimum 
level of the corresponding device type. 

When data management computer 82 generates floor 
35 inventory report 290, it includes an entry for a device 
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type if: (1) a nonzero par level has been specified (in 
database 194) for that type of device, or (2) there is at 
least one device that is "ready, 11 or "needs cleaning," or 
"needs repair." Thus, comparing inventory report 290 
5 with floor inventory database 200 (Fig. 16) , it is seen 
that entries 294 are included for all device types other 
than "ACTHIGH" devices. This is because no devices 12 of 
this type that are "ready," "need cleaning," or "need 
repair" are stored in this location, and because this 

10 device type has a par level of 0.) 

In addition, floor inventory report 290 includes a 
message 296 (obtained from database 200) adjacent to any 
entry 294 having a par level greater than the number of 
clean devices. Thus, report 290 contains the message 

15 "warning" 296 adjacent to the entry for vital signs 
monitors. 

Data management computer 82 continually monitors 
floor inventory database 200, for example, to detect when 
the quantity of clean devices on any floor falls below 
20 the par level. Each time that such an event is detected, 
data management computer 82 updates the floor inventory 
report 290 for that floor and transmits a warning 296 
message string to a pager ID 2 62 that has been designated 
in pager database 280. 
25 Other Embodiments 

Other embodiments are within the scope of the 
following claims. 

For example, other types of connectors 50 can be 
used on communications links 16. Referring to Figs. 21- 
30 24, connector 50' includes a plastic base 300 which has a 

trapezoidal-shaped trough 3 02 formed therein for 
p receiving tag housing 34. A wire 3 04 mounted in the 
lower surface of trough 302 provides the electrical 
connection between tag memory input port 4 0 (Fig. 2) and 
35 data wire 60 (Fig. 3) of communication link 16. The 
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electrical connection to ground wire 62 of communication 
link 16 is provided via a metal sheet 306 that includes a 
series of flexible fingers 308 and is secured to the 
upper surface of base 300, above trough 302. Each finger 
5 3 08 includes a rounded boss 310 for contacting the lower 
surface of tag housing 34 (and thus memory ground port 
42) . 

The shape of trough 302, the positioning of sheet 
306 and fingers 308, and a groove 312 disposed lengthwise 

10 in trough 302 helps avoid improper insertion of tag 

housing 34 and card 44 by the user. Figs. 22 and 23 show 
the proper insertion procedure. Correctly oriented, the 
major portion of tag housing 34 faces into trough 302. 
This causes the forward edge 45 of card 44 to be disposed 

15 beyond groove 312 when housing 34 is first placed within 
trough 302 (Fig. 22). Insertion is completed simply by 
sliding housing 34 further into trough 302, which results 
in good electrical contact with wire 304 and finger 
bosses 310. 

20 If ta 9 housing 34 is oriented incorrectly during 

insertion (Fig. 24), front edge 4 5 of card 44 will 
"catch" in groove 312. In addition, the spacing between 
the edge 303 of trough 302 -d the tips 311 of fingers 
308 is such that fingers 30c will engage tag housing 34 

25 as shown. The combined effect is to avoid inserting tag 
housing 34 "upside down" in connector 50'. 

Still other connection techniques are possible. 
Referring to Fig. 25, a plunger mechanism 3 00 can be 
attached to a device 12 (not separately shown) for 

30 connecting tag housing 34 to a communication link 16 (and 
thus memory 32 of tag 30, not shown, across wires 60, 
62). Mechanism 320 includes a non-conductive housing 321 
that is mounted by a metal spring 322 to an electrically 
conductive footing 323. Tag housing 34 is secured to the 

35 end of housing 321 disposed opposite to footing 323 so 
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that ground port 42 of memory 32 (Fig. 2) is in 
electrical contact with spring 322 (and thus with footing 
323) . Housing 321 receives an electrically conductive 
plunger 324 that extends through an opening in footing 
5 323. An insulating sleeve 325 that surrounds plunger 324 
terminates to expose a rounded, electrically conductive 
plunger tip 326. A metal spring 327 electrically 
connects plunger 324 to memory data port 40 and urges 
plunger away from tag 3 0 . 
10 Mechanism 320 is used with a standard wire frame 

shelf 328 (such as a "Metroshelf » , available from Metro 
Industries of Wilkes-Barre, PA) . Shelf 328 includes a 
set of elongated, spaced metal wires 328a for supporting 
device 12. Disposed below and spaced from wires 328a is 
15 a metal sheet 328b that has substantially the same length 
and width dimensions as are defined by the set of wires 
328a. Data line 60 of a communication link 16 is 
electrically connected to sheet 328b, and link ground 
wire 62 is connected to all shelf wires 328a. 
20 In use * when device 12 is placed on shelf 328, 

spring 327 presses plunger 324 through an opening between 
adjacent shelf wires 328a so that plunger tip 32 6 engages 
sheet 328b, thereby electrically connecting tag memory 
data port 40 to wire 60 of link 16. An enlarged boss 329 
25 engages a shoulder in housing 321 to retain plunger 324 
within housing 321. Footing 323 rests securely on at 
least one shelf wire 328a, thereby coupling tag memory 
ground port 42 to link wire 62 (via spring 322). Because 
plunger 324 is electrically insulated by sleeve 325 
30 except near tip 326, the risk of short-circuiting between 
footing 323 and plunger 324 is minimal. 

Mechanism 32 0 is mounted to device 12 so that 
footing 323 is coplanar with the underside of the device 
When device 12 is removed from shelf 328 and disposed on 
35 a table top or the like, plunger 324 is pressed into 
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housing 321, compressing spring 322. Thus, mechanism 320 
is unobtrusive and does not hamper the use of device 12. 

Referring to Fig. 26, in another connection 
technique, a series of clips 330 are suspended from link 
5 16 above each shelf. Each clip 330 provides a snap fit 
connection with a tag 30, which is mounted on a tang 332 
(a mechanical flange mount available from Dallas 
Semiconductor as part number DS9093F) . Note that tag 30 
is disposed opposite the side of tang 332 that is visible 

10 in the figure. Clip 330 includes a pair of internal 
electrical paths 334, 336, which are connected to wires 
60, 62 of communication link 16. Paths 334, 336 
terminate at contacts 338, 340, which respectively engage 
tag memory ports 40, 42 (Fig. 2). An elongated finger 

15 34 2 captures tag 30 against clip housing 344 against 

contacts 338, 340, one or both of which is configured as 
a spring to provide the snap fit. 

Still other connection techniques are possible. 
One alternative is to configure connector 50 to secure 

20 each tag 30 in place magnetically. In this case, the 
connector has two electrically conductive plates, one of 
which includes a series of openings for receiving tag 
housing 34 and making the connection between ground wire 
62 and memory ground port 42. The second plate is spaced 

25 behind the first and provides an electrical connection 
between data wire 60 and memory input port 40 (Figs. 2 
and 3) . A layer of magnetic material disposed behind the 
second plate holds tag housing 34 in place within the 
opening. This connector is described in 50 Ways to Touch 

30 Memory (1992), by Dallas Semiconductor. 

Tags 30 can be permanently mounted (rather than 
tethered) to devices 12. This would eliminate another 
step in associating each tag 30 with a device 12. This 
alternating may be combined with, for example, the 

35 connection technique shown in Fig. 26 to integrate the 
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step of connecting tag 3 0 to network 14 with that of 
placing device 12 on the storage shelf. 

Other types of tags 30 may be used. For example, 
other touch memories (such as other Dallas devices) that 
5 have additional memory capacity may be to store data 
about their associated devices 12. One example is the 
Dallas DS1992 touch memory, which includes a 1,024 bit 
scratchpad memory that provides random access storage for 
such information as device identity (manufacturer and 
10 serial number) , purchase date, sales vendor, and repair 
and warranty data. Node 28 (or a data access computer 80 
or data management computer 82) updates the information 
in the scratchpad by sending commands to tag 30 (the 
command protocol is described in the Dallas book 
15 referenced above) . 

Personnel may record data stored in the memories 
of tags 3 0 that are not connected to network 14 using a 
portable data entry device, such as a "cordless wand" 
available from Dallas Semiconductor. The wand date and 
20 time stamps the data as it is read. The data may then be 
downloaded into, e.g., a data access computer 80 that is 
equipped with a suitable user interface. 

Referring also to Fig. 27, a tag 30 may 
alternatively be electrically connected to circuitry 
25 (such as a processor 350) within device 12. This is 
particularly useful when tag 30 is equipped with the 
scratchpad memory discussed above. Among other 
advantages, this configuration allows processor 350 to 
download maintenance information (such as run times, 
30 errors, etc.) and other information into the memory of 
tag 30, where it may in turn be obtained by node 20 
and/ or computers 80, 82. 

This discussion has focussed on the use of 
electronically readable (and writable) data carriers as 
35 examples of tag 30. other suitable types of tags may be 
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used instead. For example, tags 3 0 may be optically or 
magnetically readable (and/or writable) . 

The functions of nodes 28 and computers 80 , 82 may 
be combined in a variety of ways to reduce amount of 
5 hardware connected to network 14. For example, a data 
access computer 80 can include the functionality of one 
or more nodes 28. Among other advantages, this would 
allow a single computer to serve as the hub of all 
communication links 16 assigned to all storerooms and 

10 patient rooms of a floor or floors. Moreover, the 
"nodes" would be directly connected to the Ethernet 
network. In addition, the functionality of data 
management computer 82 can be implemented by a data 
access computer 8 0 (or shared by multiple data access 

15 computers 80) . 

Nodes 28 can be configured to perform location 
code ID 142 and condition code ID 144 associations to 
port IDs 108 , and may be connected directly to branches 
95 of network 14 (e.g., connected to Ethernet branches). 

20 User interface functionality 220 for access to data 
management computer 82 database reports could be 
incorporated through data access computers 80 or other 
computers 118 in, for example, areas of high data access 
utility. Pager/fax server computer 224 and phone request 

25 computer 234 functionalities could all reside in a single 
computer together with the functionality of data 
management computer 82 (a user interface 220 may provide 
access into such a computer, if necessary). Nodes 28 may 
allow connection of more than four communication links 16 

30 (for example, each node 28 can be connected to as many 
links 16 as processor 90 can service) . 

Topologies other than the branched configuration 
shown in the figures may be used for network 14. For 
example, network 14 may have a star topology (with, e.g., 
35 data management computer 82 arranged at the hub of the 
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star) , a multidrop configuration, or a hybrid of any of 
these topologies. In addition, protocols other than 
Ethernet (e.g., token ring) may be used to exchange 
messages over network branches 95. 
5 Communication links 16 and branches 93 can be made 

from other types of wire, and may have lengths other than 
the examples described above. Examples of other links 
include coaxial cable, and fiber optic cable. Moreover, 
each link 16 need not be physically wired to each 

10 location — for example, wireless links 16 can be 

provided between one or more nodes 28 and the associated 
connectors 50 in the various locations. 

Network branches 95 can use fiber optic cable (or 
other types of cable) . In addition, other communication 

15 standards can be used. Examples include 10 Base T and 10 
Base 2. 

Nodes 28 need not be physically located in the 
rooms with which they are associated. For example, a 
node 28 that serves a group of patient rooms 20 may be 

20 located in a nearby equipment room. In addition, the RS- 
485 or RS-422 transmission standards between nodes 28 and 
data access computers 80 need not be used if, for 
example, the lengths of branches 93 (Fig. i) are 
relatively short (such as less than 100 feet) . In this 

2 5 case, standards such as RS-232 may be used. Moreover, 
multiple communication links 16 may be multiplexed on a 
single network port 29. 

Other device conditions can be monitored by 
assigning node ports 29 thereto. One example (mentioned 

30 above) is the "in use" condition for devices 12 located 
in patient rooms 20. Another possibility is to define a 
"reserved" condition for devices 12 that are to be set 
aside for some predefined use (and are thus unavailable 
for general use) . 
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The invention is broadly applicable to facilities 
other than hospitals, and to tracking devices other than 
portable patient care devices. Any facility (e.g., 
manufacturing plants, etc.) in which it is desirable to 
5 monitor the locations and/or conditions of devices is a 
candidate for the invention. 

What is claimed is: 
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1, A method of assisting a user in allocating an 
inventory of a plurality of devices among a plurality of 
locations , comprising 

providing a network of communication links each of 
5 which corresponds to a location of said plurality of 
locations, 

providing each one of said devices in said 

inventory with a tag that identifies a said device with 

respect to other said devices in said inventory, said tag 
10 being connectable to a said communication link when said 

device is disposed at the location to which said 

communication link corresponds, 

detecting each said tag that is connected to each 

said communication link, 
15 generating, based on said detecting, information 

that indicates the location of each one of said devices 

in said inventory, and 

providing said information to the user in a manner 

that enables the user to determine how said devices are 
20 allocated among said locations and determine whether some 

of said devices should be reallocated among said 

locations. 



2. The method of claim 1 wherein each one of at 
least some of said communication links also correspond to 
25 conditions of said plurality of devices, and further 
comprising 

detecting each said tag that is connected to each 
one of said some communication links, and 

determining the condition of each said device 
30 identified by each said tag based on said detecting. 



3. The method of claim 2 further comprising 
assigning at least two of said some communication links 
to a single location. 
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4. The method of claim 2 wherein said conditions 
include ready for use, in need of cleaning, and in need 
of repair. 

5. The method of claim 1 further comprising 
5 providing each said tag with data that includes an 

address identifying a said device. 

6. The method of claim 5 further comprising 
storing said data that includes said address in a memory 
of said tag. 

10 7. The method of claim 6 wherein said determining 

includes reading said data. 

8, The method of claim 1 further comprising 
allowing at least one of said communication links 

to have multiple said tags connected thereto, 
15 detecting said multiple tags, and 

identifying the devices that are disposed in the 

location to which said one link corresponds based on said 

detecting. 



20 



9. The method of claim 8 further comprising 
storing data that includes an address in a memory of each 
said tag that identifies a said device, said identifying 
including reading said data. 

10. The method of claim 6 or 9 further comprising 
writing information associated with the device identified 

25 by said data into said memory. 



11. The method of claim 10 further comprising 
causing equipment connected to said network to write said 
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information into said memory over the communication link 
to which said tag is connected. 

12. The method of claim 10 further comprising 
causing said device to write said information into said 

5 memory . 

13. The method of claim 10 wherein said 
information includes maintenance information. 

14. The method of claim 1 further comprising 
connecting each said tag to the device identified thereby 

10 so that a user can dispose said device near a said link 
at one of said locations and connect said tag thereto. 

15. The method of claim 1 wherein said detecting 
includes monitoring each one of said links for activity 
thereon by one or more of said tags. 

15 16. The method of claim 15 wherein said activity 

includes a connection event in which a user connects a 
said tag to a said link, and a disconnection event in 
which a user disconnects a said tag from a said link. 

17. The method of claim 16 further comprising 
20 performing said monitoring in successive monitoring 

cycles for each one of said links, and determining that a 
connection event or a disconnection event is valid only 
if said connection event or disconnection event is 
detected in a selected number of successive monitoring 
25 cycles. 



18. The method of claim 17 further comprising 
determining that a connection event is valid only if the 
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tag remains connected to said link for a selected amount 
of time, 

19. The method of claim 17 further comprising 
determining that a disconnection event is valid only if 
5 the tag remains disconnected from said link for a 
selected amount of time. 



20. The method of claim 15 further comprising 
performing said monitoring continuously for each said 
link. 



10 21. The method of claim 1 wherein the step of 

providing said network further comprises providing at 
least one node that performs said detecting for a set of 
said communication links. 



22. The method of claim 21 further comprising 
15 assigning at least some of said set of communication 

links to a single location, and assigning each 
communication link in said set to a condition of said 
plurality of devices. 

23. The method of claim 22 further comprising 

20 detecting each said tag that is connected to each 

one of said some communication links in said set, and 
determining the condition of each said device 
identified by each said tag based on said detecting. 

24. The method of claim 2 wherein the step of 

25 providing information includes storing a database of said 
information that relates each one of said plurality of 
devices to the determined said location and condition. 
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25. The method of claim 24 wherein the step of 
providing information further includes generating a 
report of the locations and conditions of at least some 
of said devices using said information in said database* 

5 26. The method of claim 25 wherein the step of 

providing information further includes transmitting said 
report over a branch of said network for use by equipment 
that communicate with said network. 



27. The method of claim 2 6 wherein said equipment 
10 includes a computer, the step of providing information 

further including causing said computer to display said 
report . 

28. The method of claim 26 wherein said equipment 
includes a printer, the step of providing information 

15 further including causing said printer to print said 
report. 

29. The method of claim 26 wherein said equipment 
includes facsimile equipment, the step of providing 
information further including causing said facsimile 
machine to transmit a facsimile of said report to a 
selected destination. 



20 



30. The method of claim 26 wherein said equipment 
includes a computer, the step of providing information 
further including causing said computer to send a message 

25 that contains at least some of the information in said 
report to a user. 

31. The method of claim 30 wherein the step of 
providing information further includes causing said 



WO 95/12858 



PCT/US94/12513 



- 49 - 

computer to send said message to a selected pager to page 
said user. 

32. The method of claim 24 wherein the step of 
providing information includes determining a quantity of 

5 said devices of a selected type that are stored in a 

selected one of said locations using said information in 
said database. 

33. The method of claim 24 further comprising 
allowing a user to access said database to obtain said 

10 information about the location and condition of a 
selected one or more of said devices. 

34. The method of claim 34 further comprising 
allowing said user to access said database by telephone. 

35. The method of claim 1 further comprising 

15 providing at least one of said communication links with a 
connector configured to allow multiple said tags to be 
connected thereto. 

36. The method of claim 1 further comprising 
providing at least one of said communication links with a 

20 plurality of connectors each of which is configured to 
allow one of said tags to be connected thereto. 

37. A method for locating a plurality of devices , 
comprising 

providing a network of communication links each of 
25 which corresponds to a location amonc =. plurality of 
locations, at least one of said loca is including a 
shelf having at least one opening thi.:ain, 
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electrically coupling at least one of said 
communication links to an electrically conductive member 
disposed below said opening, 

providing each one of said devices with a tag that 
5 identifies a said device with respect to other said 
devices, said tag being connectable to a said 
communication link when said device is disposed at the 
location to which said communication link corresponds, 

providing at least one of said devices with a 
10 plunger electrically coupled to said tag, 

resiliently urging said plunger through said 
opening and into engagement with said electrically 
conductive member when said at least one of said devices 
is disposed on said shelf over said opening, thereby to 
15 connect said tag to said communication link, 

detecting each said tag that is connected, to each 
said communication link, and 

determining the location of each one of said 
devices based on said detecting. 

20 38. The method of claim 38 further comprising 

resiliently retracting said plunger when said at least 
one of said devices is disposed on a surface that does 
not include a said opening. 

39. The method of claim 38 wherein said at least 
25 one communication link includes a pair of wires, and 
further comprising 

electrically coupling a first one of said wires to 
said electrically -conductive member, 

electrically coupling a second one of said wires 
30 to said shelf, 

electrically connecting said tag to said first 
wire with said plunger, and 
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providing said at least one of said devices with 
an electrically conductive footing that is electrically 
coupled to said tag and is configured to contact said 
shelf when said device is disposed thereon to 
5 electrically couple said tag to said second wire. 



40. Apparatus for assisting a user in allocating 
an inventory of a plurality of devices among a plurality 
of locations , comprising 

network of communication links each of which 
10 corresponds to a location of said plurality of locations, 

a tag associated with each one of said devices in 
said inventory that identifies a said device with respect 
to other said devices in said inventory, said tag being 
connectable to a said communication link when said device 
15 is disposed at the location to which said communication 
link corresponds, 

means for detecting each said tag that is 
connected to each said communication link, 

means for generating , based on said detecting, 
20 information that indicates the location of each one of 
said devices in said inventory, and 

means for providing said information to the user 
in a manner that enables the user to determine how said 
devices are allocated among said locations and determine 
25 whether some of said devices should be reallocated among 
said locations. 



41. The apparatus of claim 41 wherein each one of 
at least some of said communication links also correspond 
to conditions of said plurality of devices, and further 
30 comprising 

means for detecting each said tag that is 
connected to each one of said some communication links, 
and 
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means for determining the condition of each said 
device identified by each said tag based on said 
detecting. 

42. The apparatus of claim 42 wherein at least 
5 two of said some communication links are assigned to a 

single location. 

43. The apparatus of claim 4 2 wherein said 
conditions include ready for use, in need of cleaning, 
and in need of repair. 

10 44. The apparatus of claim 41 wherein each said 

tag includes data that includes an address identifying a 
said device. 

45. The apparatus of claim 4 5 wherein each said 
tag includes a memory for storing said data that includes 

15 said address. 

46. The apparatus of claim 46 wherein said means 
for determining includes circuitry for reading said data. 

47. The apparatus of claim 41 wherein multiple 
said tags are connected to one of said links, and further 

20 comprising 

means for detecting said multiple tags, and 
means for identifying the devices that are 

disposed in the location to which said one link 

corresponds based on said detecting. 

25 48. The apparatus of claim 48 wherein data that 

includes an address is stored in a memory of each said 
tag that identifies a said device, said means for 
identifying including means for reading said data. 
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49. The apparatus claim 4 6 or 4 9 further 
comprising means for writing information associated with 
the device identified by said data into said memory. 

50. The apparatus of claim 50 wherein said means 
5 for writing includes equipment connected to said network, 

said equipment writing said information into said memory 
over the communication link to which said tag is 
connected. 

51. The apparatus of claim 50 wherein said device 
10 includes said means for writing. 

52. The apparatus of claim 50 wherein said 
information includes maintenance information. 

53. The apparatus of claim 41 further comprising 
a connector for connecting each said tag to the device 

15 identified thereby so that a user can dispose said device 
near a said link at one of said locations and connect 
said tag thereto. 

54. The apparatus of claim 41 wherein said means 
for detecting includes circuitry for monitoring each one 

20 of said links for activity thereon by one or more of said 
tags. 

55. The apparatus of claim 55 wherein said 
activity includes a connection event in which a user 
connects a said tag to a said link, and a disconnection 

25 event in which a user disconnects a said tag from a said 
link. 
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56. The apparatus of claim 56 further comprising 
means for performing said monitoring in successive 

monitoring cycles for each one of said links, and 

means for determining that a connection event or a 
5 disconnection event is valid only if said connection 
event or disconnection event is detected in a selected 
number of successive monitoring cycles. 

57. The apparatus of claim 57 wherein said means 
for determining determines that a connection event is 

10 valid only if the tag remains connected to said link for 
a selected amount of time. 

58. The apparatus of claim 57 wherein said means 
for determining determines that a disconnection event is 
valid only if the tag remains disconnected from said link 

15 for a selected amount of time. 

59. The apparatus of claim 55 wherein said 
circuitry is adapted to perform said monitoring 
continuously for each said link. 

60. The apparatus of claim 41 wherein said 

20 network further comprises at least one node that includes 
said means for detecting for a set of said communication 
links. 

61. The apparatus of claim 61 wherein at least 
some of said set of communication links are assigned to a 

25 single location, each communication link in said set 
being further assigned to a condition of said plurality 
of devices. 
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62. The apparatus of claim 62 further comprising 
means for detecting each said tag that is 

connected to each one of said some communication links in 
said set, and 

5 means for determining the condition of each said 

device identified by each said tag based on said 
detecting. 

63. The apparatus of claim 4 2 wherein said means 
for providing information includes a database for storing 

10 information that relates each one of said plurality of 
devices to the determined said location and condition. 

64. The apparatus of claim 64 wherein said means 
for providing information includes at least one computer 
for generating a report of the locations and conditions 

15 of at least some of said devices using said information 
in said database. 

65. The apparatus of claim 65 further comprising 
a transmitter for sending said report over a branch of 
said network for use by equipment that communicate with 

20 said network. 

66. The apparatus of claim 66 wherein said 
equipment includes a second computer that includes a 
display for displaying said report. 

67. The apparatus of claim 66 wherein said 

25 equipment includes a printer for printing said report. 

68.. The apparatus of claim 66 wherein said 
equipment includes facsimile equipment for transmitting a 
facsimile of said report to a selected destination. 
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69. The apparatus of claim 66 wherein said 
equipment includes a second computer for sending a 
message that contains at least some of the information in 
said report to a user. 

5 70. The apparatus of claim 70 wherein said second 

computer includes means for sending said message to a 
selected pager to page said user. 

71. The apparatus of claim 64 wherein said means 
for providing information includes means for determining 

10 a quantity of said devices of a selected type that are 
stored in a selected one of said locations using said 
information in said database. 

72. The apparatus of claim 72 wherein said means 
for providing information includes means for determining 

15 if said quantity differs from a selected quantity and, if 
so, notifying the user. 

73. The apparatus of claim 64 further comprising 
means for allowing a user to access said database to 
obtain said information about the location and condition 

20 of a selected one or more of said devices. 

74. The apparatus of claim 74 wherein said means 
for allowing includes a telephone. 

75. The apparatus of claim 41 further comprising 
a connector associated with at least one of said 

25 communication links, said connector being configured to 
allow multiple said tags to be connected thereto. 

76. The apparatus of claim 41 further comprising 
a plurality of connectors associated with at least one of 
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said communication links, each of said connectors being 
configured to allow one of said tags to be connected 
thereto. 

77. Apparatus for locating a plurality of 
5 devices, comprising 

network of communication links each of which 
corresponds to a location among a plurality of locations, 
at least one of said locations including a shelf having 
at least one opening therein, 

10 means for electrically coupling at least one of 

said communication links to an electrically conductive 
member disposed below said opening, 

a tag associated with each one of said devices 
that identifies a said device with respect to other said 

15 devices, said tag being connectable to a said 

communication link when said device is disposed at the 
location to which said coirnnunication link corresponds, 

means for providing at least one of said devices 
with a plunger electrically coupled to said tag, 

20 means for resiliently urging said plunger through 

said opening and into engagement with said electrically 
conductive member when said at least one of said devices 
is disposed on said shelf over said opening, thereby to 
connect said tag to said communication link, 

25 means for detecting each said tag that is 

connected to each said communication link, and 

means for determining the location of each one of 
said devices based on said detecting. 

78. The apparatus of claim 78 further comprising 
30 means for resiliently retracting said plunger when said 

at least one of said devices is disposed on a surface 
that does not include a said opening. 
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79. The apparatus of claim 78 wherein said at 
least one communication link includes a pair of wires, 
and further comprising 

means for electrically coupling a first one of 
5 said wires to said electrically conductive member, 

mean for electrically coupling a second one of 
said wires to said shelf, 

means for electrically connecting said tag to said 
first wire with said plunger, and 
10 means for providing said at least one of said 

devices with an electrically conductive footing that is 
electrically coupled to said tag and is configured to 
contact said shelf when said device is disposed thereon - 
to electrically couple said tag to said second wire. 

15 80. Apparatus for locating a plurality of 

devices , comprising 

means for detecting connections of a plurality of 
tags, to one or more communication links of a network, 
each one of said tags being associated with one of said 
20 devices and identifying said one device with respect to 
other said devices, 

means for associating each one of said 
communication links with a location, and 

means for determining the location of each one of 
25 said devices based on said detecting. 

81. The apparatus of claim 81 wherein said means 
for associating also associates each one of at least some 
of said communication links to conditions of said 
plurality of devices, and further comprising 
30 means for detecting each said tag that is 

connected to each one of said some communication links, 
and 
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means for determining the condition of each said 
device identified by each said tag based on said 
detecting. 

82. The apparatus of claim 82 wherein at least 
5 two of said some communication links are assigned to a 

single location. 

83. The apparatus of claim 82 wherein said 
conditions include ready for use, in need of cleaning, 
and in need of repair. 

10 84. The apparatus of claim 81 wherein each said 

tag includes data that includes an address that 
identifies a said device. 

85. The apparatus of claim 85 wherein each said 
tag includes a memory for storing said address. 

15 86. The apparatus of claim 86 wherein said means 

for determining includes circuitry for reading said data. 

87. The apparatus of claim 81 wherein apparatus 
comprises at least one node on said network, said node 
including said means for detecting for a set of said 

20 communication links. 

88. The apparatus of claim 88 wherein said means 
for associating associates each one of said set of 
communication links to a single locat i and associates 
each communication link in said set to a condition of 

25 said plurality of devices. 
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89. The apparatus of claim 89 further comprising 
means for detecting each said tag that is 

connected to each communication link in said set, and 

means for determining the condition of each said 
5 device identified by each said tag based on said 
detecting. 

90. The apparatus of claim 82 further comprising 
means for reporting said determined location and 
condition to a database for storage. 



10 91. The apparatus of claim 90 further comprising 

at least one computer for generating a report of the 
locations and conditions of at least some of said devices 
using said information in said database. 

92. The method of claim 1 wherein the step of 
15 providing information includes 

storing data that indicates quantities of said 
devices that should be disposed in said locations, 

determining whether an insufficient quantity of 
said devices are disposed in a selected one of said 
20 locations based on said data and the determined locations 
of said devices, and 

notifying a user if an insufficient quantity of 
said devices are determined to be in said selected 
location • 



25 93. The method of claim 93 further comprising 

instructing the user to move one or more of said devices 
to said selected location from another one of said 
locations if an insufficient quantity of said devices are 
determined to be in said selected location. 
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94. The method of claim 1 wherein said devices 
comprise a plurality of types of devices, the step of 
providing information including 

storing data that indicates quantities of each 
5 said type of said devices that should be disposed in said 
locations, 

determining whether an insufficient quantity of 
each said type of said devices are disposed in a selected 
one of said locations based on said data and the 
10 determined location of each one of said devices, and 

notifying a user if an insufficient quantity of 
said devices of a selected type are determined to be in 
said selected location* 

95. The method of claim 95 further comprising 
15 instructing the user to move one or more of said devices 

of a selected type to said selected location from another 
one of said locations if an insufficient quantity of said 
devices of said selected type are determined to be in 
said selected location. 

20 96. The apparatus of claim 41 wherein said means 

for providing information includes 

storage for data that indicates quantities of said 
devices that should be disposed in said locations, 

means for determining whether an insufficient 
25 quantity of said devices are disposed in a selected one 
of said locations based on said data and the determined 
locations of said devices, and 

means for notifying a user if an insufficient 
quantity of said devices are determined to be in said 
30 selected location. 

97. The apparatus of claim 97 further comprising 
means for instructing the user to move one or more of 
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said devices to said selected location from another one 
of said locations if an insufficient quantity of said 
devices are determined to be in said selected location. 

98. The apparatus of claim 41 wherein said 

5 devices comprise a plurality of types of devices, said 
means for providing information including 

storage for data that indicates quantities of each 
said type of said devices that should be disposed in said 
locations, 

10 means for determining whether an insufficient 

quantity of each said type of said devices are disposed 
in a selected one of said locations based on said data 
and the determined location of each one of said devices, 
and 

15 means for notifying a user if an insufficient 

quantity of said devices of a selected type are 
determined to be in said selected location. 

99. The apparatus of claim 99 further comprising 
means for instructing the user to move one or more of 

20 said devices of a selected type to said selected location 
from another one of said locations if an insufficient 
quantity of said devices of said selected type are 
determined to be in said selected location. 

100. A method for managing a plurality of devices 
25 that are capable of being in a plurality of conditions, 

comprising 

providing a network of communication links each of 
which corresponds to a location and to one of said 
conditions, 

30 providing each one of said devices with a tag that 

identifies a said device with respect to other said 
devices, said tag being connectable to a said 
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communication link when said device is disposed at the 
location to which said communication link corresponds, 
detecting said tags that are connected to said 
communication links, and 
5 determining the location and the condition of each 

one of said devices by identifying the communication link 
to which said tag of each one of said devices is 
connected. 

101. Apparatus for managing a plurality of 
10 devices that are capable of being in a plurality of 
conditions , comprising 

a network of communication links each of which 
corresponds to a location and to one of said conditions, 

a tag associated with each one of said devices 
15 that identifies a said device with respect to other said 
devices, said tag being connectable to a said 
communication link when said device is disposed at the 
location to which said communication link corresponds, 

means for detecting said tags that are connected 
20 to said communication links, and 

determining the location and the condition of each 
one of said devices by identifying the communication link 
to which said tag associated with each one of said 
devices is connected . 
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